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On the Multi-Stage Group Scheduling with Dependent
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Abstract

Group scheduling, which is a kind of operations scheduling based on the GT concept, is analyzed in a
multi-stage manufacturing system.

The purpose of this research is to develop and evaluate a heuristic algorithm for determining gro
up sequence and job sequence within each group to minimize a complex cost function, i.e. the sum of t
he total pe-nalty cost for tardiness and the total holding cost for flow time, in a multi-stage manufact
uring system with group setup time dependent upon group sequence. A heuristic algorithm for group sc
heduling is developed, and a numerical example is illustrated. For the evaluation of the pro-posed heuri
stic algorithm, the heuristic solution of each of 63 problems is compared with that of random schedulin
g. The result shows that the proposed heuristic algorithm provides better solution in light of the pro
posed cost function.

1. A4 &

GT (Group Technology)?] ] & &) EolA o wat GT Mol 2948 287E AAANAY
AN 2F 2#AEZ(GS:Group Scheduling)s] W@ AF7@ds A4 Hojztz U, 3}
AEEe] dFEL ¥ MHYAW(make-span)e] HA 3, BT A7) A7 (mean flow time)e] H A3},
Tt F ©5971AA(total tardiness)e] HA23 T3 e ABH 2ddg n3d HHH71Z(op
timality criteria)e]l $3& F3 YA
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2. A AAA 2NN GS EA

21 GS ZA9 A

E AFdME oA AN 2 Ao, 2§ FHAE 2FATEAN T Fold
O vty RAA oA @71Ad G AL FAA ol R F FAYEE 3§
o ¢od7IXdel o & dAHE  (total penalty cost for tardiness) 3 2 313 &(total h
olding cost for flow time)?] ¥ & HAH3}E ZF2AEY FAd i3 24 L ZAHHHES
TiE d2FYE Addn, 3 F=AANGE Eo] 498}

£ AFNM Agets TAFHVIEE &9 ZE 9F) wH Fd&9)d 373 (job dispat-chin
g rule)e] FAHAG.

1) 299 HaE<y BANE L. Gelders® N. Sambamdame] EF A AlAde AAAY

M AMad FH FY&ABAFH(dynamic job dispatching rule)E I FIF AAA 2
de) s A A L&@}[3]

(2) 7)1 A% F Al H(machine idle time)o] HA7l HE 34, Fgd L2240 (flow time)E H

23 9.

3 FYF WAAN LEFHAY £(holding cost)o] ®ol £2HE REY 71T 4L E

£9.

4) @714 24 7154 FRY HAE go] & F-F9 T S HeHE £
(5) §71A QA LA AAv] & (penalty cost)o] ol 28 HE AP FAEHE Fo.

22 A4 x3

At 2§ 2ASIEA Y 94 YL A7 H& 12 AA=AL AAS.
(1) N7/jel #E (=& F4¢,Joble] GTAE o8 M/ 21§22 EFIAD(d, M << N)

(2) BATAHL daAzZA KA 7[A=z2 FAHAHZ, 4 7149 23L ivdn 73 .

(3) BE AL ANF 0 ANA Al 2o] 7} 8t} .(simultaneously available)

4) 713 FA FFL 71T B89 7AA 71ANAN AAHA %Evt.(no preemption)

5) RE 7IAAN 2§ ¥ 2§ B FY NI T8 (No Passing), 4 @ANA

E 8 28 ZE Fio g5E Fd dE& €49 2§d e ALLE AFY F
4.

6) FE9 7HFEABL 2FFTV A A(group set-up time)o 2 FHAznrg 4 FHd

FH AL R E o 7}F A processing time)d] X HHo] Az AR},

(7) 2§ 7}3 A (group processing time)e 21HFFE ¥ A (group set-up time)d 1 2§l

&% 2E REY NFATY o= FAXNY IAEFETHARLE 2FTAY diH F4£F
(dependent)o] . (¥ 1))

8) & dANANY T RFS s+FA H(processing time), ¥ 7] (due-date), d71 A QA AH

vl & (penalty-cost) ¥ ZHF WMo RFFA U L (holding cost)o] FAA 3t} (E
2)

9 2=AEY HIIEL G71Xdf Ui F A E B} F FAU L Peoz= @l

e AAZA HelA Fold BAE TuA ¥l 1§ 2ATY EANN LE Y ¥
ARG A AL AGF Yol AFAT A AR) WG AANLY YAS A2 5
& EAol
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Group Stage 1 2 K
From(r) To(i){ 1 | 2 | [ M| 1 |2 | M| " ti 21| M
1 1 1 2 2 2 K K K
1 S11{S12| " |Sim|S11{Sa2| " [Sam| S11(S12| " |Sim
1|1 1 (2|2 2 K | K K
2 Sz1|Sz2| " [Sam|Sz1|Szz2| " (Sam| Sz21|Szz| " |Sazm
1 1 1| 2| 2 2 K | K K
M Sm1{Smz| "~ |Swum|Sm1|Smz| " {Smm| Sm1{Smz| " |Sum

k
FiMSH:7NA kKM 2F r &l 21F 7 & A9
IEi9 FulA

i
() S35 : 71A kelM 2F j7F A& & A9 2§ EvAL

E 2. 7538 3N, B, QAW 8, FA6 &

Group 1 2 | M

Job Jar|daz| 7 (Jini|dz1 |22 {dznz| Jmr|Jmz| " [ Imnm

k | x K k | & K k | Kk K
Proc. Time P11{Piz| " |Pin1{Pz21|Pzz| " |Pznz| Pu1|PMz| " | PMnM

1 1 1 1 1 1 1 1 1
1 Pi11{Piz| " |Pin1|P21|Pzz| "~ |Pznz| Pm1|Pmz|  [Pmnm

2| 2 2 2 | 2 2 2 | 2 2
2 [p11|P1z| " |Pin1|P21{Pzz| " |Pznz| " Pm1|PMz2| " |PmnM

Stage

K1 K K KK K K| K K
K |p11|P12| "~ |Pin1|P21|Pz2| ~ |Pznz| PM1 [PMz| " [Pmnam
Due-date digldiz| " |dini|dzi|dez| " |dznz! du1|duz] " |dmnm
Penalty-Cost (W11 (Waz| " IWona | War|%az| " [Wanz| " |Wm1|Wmz| " | Fram
Holding-Costhi1/h12| " |hin1lhz1|hzz| " |hznz| bu1|buz| "~ [bunm
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i: 2§ 992 (3Gndex) G = 123...M)

j:Job (B REAF)Y 92 ( = 12,..n; for any group)
k:Z1AE ¢4)9 d492 (k = 1,23,...K)

Mk : k94 714 =& @A

Gi:1# i

Jy : 2# i9 Job )

p: :71A k M9 Jyd FHEANT

S: 271 A kA aFrolF 2F iV & AYe] 2FEHAT
CI; 1A k AA I8 R EEAD

K

old, C;; ( = Ci; )& wtX 71AAA J;¢] 71T EEAL

Q:71A k M 2§ i9 7HFAT
di : Jy o 87
Wit Jy o1A g71Ade] SA=HE 24, @9A%T a0 &
hy : Jg 7F QAW o) Yo} 74Fo] FEHI XY SAANRT FAHE
[ 1: 2837 Joby AXNE ey 948 3%
(o, Juj3e =AF 29 i9A 2§ HAA A AT Job)

232 §er¥Yge] A3

2gFuAZe] 18 24 wd Holsge R AT W, 71A MM r WA 1§ G
8 IFAEAZE A(D)H Ze] Fojrt.

k k nr k
Qr1 = Str-1.01 *+ ZID[rJ] 1)
i-

x
EF, Jund M A9 73 EEAL Cun € 4Q)2 9.

k i-1 nr k k k i k k
Cuj1= (v + Q) + S-1.a + 2 (4u + Priw)d)—(2)
r=]v=1 =1

k
o, A@ANA dupt 714 M AH Gmd j-1 MA £F& 7138 A j 9A 259 7
2g AFe7] A ANY AAFFARE et
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Mj=1A A% (F, 2F GmIAd A FIA 2%, Jun)

k-1 k k

Cui11 - (Cr-1nG-131 + Sp-1.41)
k k-1 k k
A = Cri,11 > Ch-1,m6G-191 * Sri-1.13 3)
0, ydA A%
2)j = 1A A% (&, 2<j=sny)
k-1 k k-1 k
x Cui1 - Cuj-11 ., Crjy > Crij-11 4)
drizy = |:
0, Y¥x A%
Z Jobd] 7FEFHBEATE VolEe LT T BAN AP
Miji=1A A% (&, 2F Guy 149 RAA 23499 2L Jua)
k k-1 k k k
Cri, = max[Cpi,1y , Coi-1,nG-11 + Sti-1,a] + P11 (5)
2)j # 1A A% (F,2=<j=m)
k k-1 k k
Ctis1 = max[ Crsi . Cry-11 1 + by (6)

53, Jui17t AAFANA wAYGA e, vAg 1A Mk DM Jund HEFRRATLS oL
HM@F 2ol & + U,

Mj=1A B (F, 2% G A4 AR 24D A%, Jpa)

K-1 K K

Cui,1y = max[Crp,11 , Chi-1.nG-11 *+ Sti-1,11] + Dol (7
@2)j =19 A% (&, 2=<j<m)

K-1 K

Cug1 = max[ Cuji, Crj-11 1 + poijs (8)
olgtgo]l & o), J;8 £FE7AD Trne A09) A I

Ty = max [ 0, Crigy — drigy 1 (9)

2 A7 2L, & Jobol M @A Qe] B E Ao Hdsol 3= A £ Ay
A4 2 REFEE FAEd £889s FAYLE] §& H4gsE A ojmz g9 Juigael A sf
28HE v £ g g}

ZQws) = [ W51 T + haijnCrag ) e 6 11)]

FolH ANE $E L FHEL ol85d Foju £AY THYLS £28Y 08 40T 2
9.
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M ni
minimize Z = min [ 22 ZQu;1) ] (11)
s.S i=1j=1

Q714 s:Z& H43% 3} 21F2AE
M

S : Mii=1(mD7A 8] 2§ 2AEY FHeIt

3934 2AE39 7Y

gaA 28712 ARA2d YoM 2F2AEIANE F JFEDY AJeAMS 4 2
FuolAde A AAzre] AAEHE ol B FA}EI e Aol EAIH. gy BAZTAHANE
aAFW S 2§ &N 98E BN g AE T. Yoshidast K. Hitomig] Q7 ¢
# o & Auhe] Y beA A/ diHeE aFW €MT 2§ £49 9
g wuPA Fon ¢ & ged, 2FW 4% 2FT €4 FSHH2=2 243 ¢ & 4

WA B ATFMAE 28 A7 2§ £ I%& fA%E A oA, 2§ €A
o B 2N 2ME AL, EF 2FH A4 dAH 28% €A E AARE PYHLE
BE 2§ Jobol WE Mg 2AEIE AAEH.

a3, 2 Jobsl 71X QALA st5Ae A9H FrAESG aFS ¥ AL 7t 4
08 M7 Y= 222 L(make-span)®] & (ower bound : LMLB)& a3 AAFFAS.
2] =% 2 g7Ads FASALARANA $AB7FFAT (revised processing time)& =¢34,
apA et A AN TRRE AAFFALY B ¥FE FES FATO5]

4, ¥ZAAH7Y FEA H7t

L a7oq Aotsn Ye Lo 9@ AW Fa4 FrhE A9 Adste wAHY
Y& FORTRAN 772 xzadYss IBM PCE ol g3, o g FA4E E Aol thsf
27 10008 AWAAES BES AL s} ALY BAY/Ye 2 A& HF L F7}
s3c.

41 A9 2AEE o8¢ 97

Aoty wAd ¥ FaAL Friy] A4 ted B PPes EAE HEA AlEY
o} 4 (Simulation)& AA AT, AEBdeHE A% FAL /ARFAE £ @A 48 394 5
A AgAsY, 2z 34509 1§FE 23 1§F Jobd F7F 34 AR HEF SERT. 2
g3 2t 288 FHAZR, Z BEY JAFAY, AAHE, FANEES BT 194 9ol M A ¥
¥ ¥ (Uniform Distribution)8t= A4 3¢ 2E% sgew, Z #F9 d7l€ 2 Jobel AWlA
289 3AWA JobolHz & el wAT AN HAFEARH AR 2FS utA % Job
olgtm & Wl AR AtoldA YFEETHE S E AES AAS

Age 24 2 A9 1244 EF 630017, A4 £A AfM £ EgAA ALt
= 2pxsdes 2& st 1,00071¢] AY 2AER AL HE HIHAS

42 NgHoA At 4 ¥4
421 $54 239 x BE J7}

2 =R AYY BANYPY FEAE WY AEd Z EA A, GAHIIYLR
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de Mol FH Sl 1,000/ BH2AFANN AL A FAFSFRT o HA deve
A% HANEE AT E 3.2 ANEHCAY AAE 22, 2AHIYY f58 L
AUEZ 8A FIHLE o] A AFse TANEE ZE FAFE HEHUIUS.

¥ 3 2aX7Ye ¢58 TANES BE HI}

AN E (% | EAF| EASY v&0) | FHHL(%)
100.00 21 33.33 33.33
99.99 - 90.00 27 42.86 76.19
89.99 - 80.00 3 476 80.95
79.99 - 70.00 3 4.76 85.71
69.99 - 60.00 6 9.52 95.23
59.99 - 50.00 1 1.59 96.82
49.99 - 40.00 2 3.18 100.00
40.00 =}t 0 0.00 -

E A 63 100.00 -

¥ 3.2 nul AYS E 63/ EAFNA 3333% 2 2170 EAclA 100%S TANERZ AQS
ASRY £58 IAARHAE 9L & UAD, 8095%] D= 519 EANA 80% o4
o4y YANEE Yepz glon, £8 HaHe2E F 63/ EAAA 9166% WRH =
e gz 2AFIY 98 2AHHA} dPd2AEY] Hud 253U

422 AN x ] F3EY (ANOVA)

ANgHo g AAFHE FAHANN EASE FAsED AH F8 8Q0] & 2FF, 2HFH Job
& GACIAGY 1 EAd & wAFHNYer AL ZAAFHH Apold ojuwd #AV A=
7} Qotry] AHAA 2FSF, 2EFW JobdF, FHFY 2 @E 58 LPNES ¥ 49 1
BT, ¥ 43 A82 83 SPSS PackageE® ol &3t RARMNE AANF BAHAEFE X 54 Y
gl o



B 4. 2F%F, 2FYW Jobs, @AF BE 53 GAUE

2§ =3
Job & 3 4 5 6 7 8 9
@ 3| 61.80 | 8490 | 68.30 {100.00 | 96.00 |100.00 }100.00
A 4| 9820 | 9650 | 98.50 (100.00 | 91.80 | 54.10 (100.00
T+ 5| 61.40 | 96.40 | 93.40 {100.00 | 96.10 | 99.90 [100.00
2 F =4

Job & 3 4 5 6 7 8 9
s 3| 69.00 | 9980 | 78.50 | 99.50 |[100.00 |100.00 |(100.00
A 4 | 7650 | 83.10 | 97.20 | 98.10 |100.00 | 99.40 [100.00
&+ 51 9990 | 49.50 (100.00 | 63.70 |100.00 | 96.90 | 99.70

A&/ F=5
Job & 3 4 5 6 7 8 9
v 3| 9540 | 99.30 78.10 | 49.50 | 9250 }100.00 | 99.50
A 4 |100.00 | 98.30 (100.00 |100.00 | 99.60 (100.00 | 69.40
F 5 | 89.40 |100.00 | 96.40 | 99.20 | 99.90 |100.00 | 99.90
¥ 5 BAEMFE (ANOVA)

Source of variation Sum of Square| DF| Mean of Square F
Group 127.753 2 63.876 0.291
Job 1249.408 6 208.235 0.948
Machine 207.224 2 103.612 0.472
Group X Job 2519.205 12 209.934 0.955
Group X Machine 443.870 4 110.968 0.505
Job X Machine 2581.120 12 215.093 0.979
Error 5273.972 24 219.749

Total 12402.553 62 200.041

E 59 RAENARE RY FATHY Fa 2% o= 2%
J8e NAA B3 AdE A T & AT F, B =EAA Adsz

S&d TRAE Fo@
Ve LBEAH7NYY 9
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PN EE EAE FHRE 255, 2FW JobF, 71AF k7R %L w3 YA ¥z ¢
F Aoz, FAY T4 FAHA v ¢5E HE TPANZ 5 AdeE RE 44 ¢ &+

AME GTY Ade =4S T 1§71F A/A2ANA 2§ THAT] 2§9
£xez At 4%, WA Be FAANEF HYF WA $Fo) FAH
TAHE 3 AN S G HAREHE 1F2AEY 2P 44%%, 1 2P o
R nge HA.

283 2 Ao tel MEH $4¢ HE T8 5 AE TAREL ALHT, 2 FAAE
F7e7) A4 AY2ASH wI HAT. 2HE 2 F 6374 EAC) Waed, TAXIY A
A7k & EAT 1000749 AYEATO s T AnT WF I66%E S5 TAUVES
BT 988 ¥ 4 UAT. £ $549 TAUEE EAZ THSE 2A5d THaA u
LH $4¢ HF LAY & YdE AE VAL & AWt

gozt B A7 HAE RPN BTk AEAHY A48 AL & Ae AA¥el AFH oo}
HAL, ¢ A4 FHNA LAY & Yt G JYyAX HEa4LEL 1AG 42L& HHY
7. =Y A FARL $48 A2 42 & Ak JYLe AT H22A, BT & E
Mol AAHA AVEE) oW £ 7S WAL

2 F >C BER

1. K.R. Baker, "Introduction To Sequencing and Scheduling”, Wiley, New York, 1974.

2. K.R. Baker, "A comparative Study of flow-shop algorithms.”, Operations Research, Vo
1.23, No.l, PP62 ~ 73, 1975.

3. L. Gelders and N. Sanbandam, "Four simple Heuristics for scheduling a flow-shop.”,
International Journal of Production Research, Vol.16, No.3, PP221 - 231, 1978.

4. JN.D. Gupta and R. Dudeck, "Optimality Criteria for flow-shop schedules.”, AIE
Transactions, Vol.Ill, No.3, PP199 - 205.

5. JR. King and A.S. Spachis, "Heuristics for flow-shop scheduling.”, International
Journal of Production Research, Vol.18, No.3, PP345 - 357, 1980.

6. T. Yoshida, K. Hitomi, "Optimizatoin of Group Scheduling For Single Stage Producti
on With Dependent Set-up Time.”, Transaction of Japan Society of Mechanical
Engineers, Vol.42, No.361, PP2964 - 2973, 1976.

7. T. Yoshida, N. Nakamura, K. Hitomi, ”Optimization of Group Scheduling For
Single-Stage Production.”, Transaction of Japan Society of Mechanical Engineers,
Vol.39, PP 1993 - 2003, 1973.

8. C.R. Wollam and N. Sanbandam, “Flow-Shop Sequencing Solved For Holding, Tardiness
Cost.” Industrial Engineering Vol.16, No.6, PP18 - 21, 1984.



